Introduction
Mental and physical health have a complex inter-relationship. The recognition of that relationship in orthopedic surgery has coincided with the increasing emphasis being placed on patient-reported musculoskeletal outcomes. At this time, it is clear that mental health strongly influences patient-reported physical function. When studied in orthopedic surgery, patients are often dichotomized into unaffected and affected groups regarding their mental health with those affected comprising all patients with heightened depression, anxiety, and/or pain-catastrophization [1, 2] . In orthopedic studies that examined more granular elements of mental health, depression is the most common isolated focus. When reporting on anxiety, the combined Hospital Anxiety and Depression Scale (HADS) is frequently used which still blends anxiety and depression to some degree [2, 3] . Therefore, it is currently unclear how these elements individually and differentially impact patient-reported physical function.
In part to enable effective assessment of patients' mental and physical health, the NIH developed the Patient-Reported Outcomes Measurement Information System (PROMIS). PROMIS is unique compared to traditional patient-reported outcome tools in that their computer adaptive tests (CATs) enable automated scoring and efficient delivery and it incorporates distinct assessments for Anxiety, Depression, and Pain Interference. Furthermore, the lack of disease specificity has positioned PROMIS to assume a position as a consensus patient-reported outcome across specialties. To that end, PROMIS Physical Function is now the first patientreported outcome required to be gathered from patients by orthopedic surgeons applying for board certification [4] .
PROMIS assessments are all validated in large volunteer populations. In validation testing for the short form and entire item bank, PROMIS Anxiety has a high internal consistency and correlates well with other legacy anxiety measures, but may have a strong floor effect, with 17% of patients reporting the minimum score representing no anxiety symptoms [5, 6] . However, with increasing utilization of PROMIS in clinical practice, it is important to determine how the PROMIS CATs perform when administered to patients at the point of care. For instance, as opposed to during validation testing, hasty completion of the PROMIS Depression CAT is associated with an increased floor effect when delivered to orthopedic patients (Guattery et al. Publication pending, Clinical Orthopedics and Related Research). Therefore, the primary aim of this study was to assess the relationship of PROMIS Anxiety with PROMIS Physical Function and Pain Interference in patients presenting for an initial evaluation to an orthopedic surgeon. Secondary aims included (1) assessing the score distribution of PROMIS Anxiety, (2) calculating the prevalence of heightened anxiety potentially warranting treatment, and (3) evaluating score variations between populations of patients presenting for different types of orthopedic conditions. PROMIS Depression, which has been commonly used in orthopedic research, was used as a comparison metric to assess the relative utility of the Anxiety CAT when assessing mental health [7, 8] .
Methods
This cross-sectional study drew from 14,962 consecutive new outpatient clinic visits of adult patients, aged 18 or older, presenting to a single tertiary university orthopedic practice in the United States between 4/1/2016 and 12/31/2016. All patients were given a tablet computer (iPad mini, Apple, Cupertino, CA) preloaded with electronic PROMIS Anxiety v1.0, Depression v1.0, Physical Function v1.2, and Pain Interference v1.1 CATs at check-in. Automated scores were directly exported into the electronic medical record. All PROMIS scores are normalized to a standard population distribution with a mean of 50 and a standard deviation of 10. PROMIS assessments are scored so that a higher score represents more of each item being measured. For example, a higher Anxiety score represents more anxiety symptoms while a higher Physical Function score represents more, or better, function. Our software platform does not allow patients to skip questions, and only fully completed PROMIS CATs generate scores. New-patient visits were selected to ensure that each patient only contributed one score per module. New visits were identified by the following CPT (Current Procedural Terminology) evaluation/ management codes: "99201," "99202," "99203," "99204," or "99205." When patients had multiple new visits to different providers during the study period, only the first visit to our practice was analyzed. Given the relevance to our primary study aim, patient encounters that were missing PROMIS Anxiety scores were excluded from analysis without any imputation.
PROMIS anxiety
The PROMIS Anxiety module captures the respondent's emotional distress caused by hyperarousal, fear, stress, and related somatic symptoms [9] . The questions are pulled from an item bank of 29 questions that refer to symptom occurring over the past week: for example, "In the past 7 days I had trouble relaxing" or "In the past 7 days I felt nervous." These questions have been designed to capture the trait of anxiety rather than a temporary state [6, 10] .
PROMIS depression
PROMIS Depression measures negative affect, mood, selfimage, and social interaction by pulling questions from a bank of 28 items [9] . Examples include "In the past 7 days I felt sad" and "In the past 7 days I withdrew from other people."
Univariate descriptive analyses and histograms were used to statistically and graphically explore the PROMIS score distributions. Data normality was assessed by the Kolmogorov-Smirnov test as well as graphically with histograms. Maximum and minimum scores were noted and the percentage of patients affected by these ceiling and floor scores were recorded. For the purposes of this study, patients were categorized as affected or unaffected by heightened anxiety based on a PROMIS Anxiety score threshold of 62. Scores of 62 or higher have been validated to correspond with scores above 10 on the Generalized Anxiety Disorder 7 via established linkage tables [6, 11] . A score of 10 or higher on the GAD-7 represents the optimal sensitivity and specificity for detection of moderate anxiety considered sufficient to prompt formal anxiety evaluation for potential treatment [12] .
Spearman's correlation was used to evaluate the relationship between PROMIS Anxiety scores and the other PROMIS scores. Correlation coefficients (r) were interpreted as follows: 0.00-0.29 no correlation, 0.30-0.49 weak correlation, 0.50-0.69 moderate correlation, 0.70-0.89 strong correlation, and 0.90-1.00 very strong correlation [13] . A Fisher r-to-z transformation was used to determine if significant differences existed between the correlations of Anxiety scores and Depression scores with the other health domains assessed.
Kruskal-Wallis H test with post hoc testing compared the median PROMIS Anxiety scores across race, sex, and orthopedic division providing care. Any significant differences found by Kruskal-Wallis were examined for pairwise differences of five points or greater (effect size 0.5). This magnitude of difference has been suggested as a clinically relevant change on PROMIS measures which we considered a reasonable proxy for relevant between group differences [14] [15] [16] . Spearman's correlations assessed the relationship between age and PROMIS scores. Pearson's Chi-square was utilized to assess the difference in proportions of patients scoring above the Anxiety score threshold between groups presenting to different orthopedic divisions.
Results
Among 14,962 new-patient visits, 14,679 (98%) had valid PROMIS Anxiety scores and were included in analysis (Table 1) . Therefore, 283 patients were treated during the study period and either refused or failed to complete the PROMIS assessment. PROMIS Anxiety (Fig. 1) and Depression scores presented in a non-normal distribution, with the secondary peaks occurring at the floor value (Anxiety floor, 5.5% at score = 32.9; Depression floor, 22.4% at score = 34.2). Physical Function and Pain Interference scores were normally distributed. Median Anxiety and Depression scores approximated the normative population mean, while average Physical Function and Pain Interference scores indicated that each of these health domains were greater than one standard deviation worse than the normative population mean. Nineteen and a half percent of all patients scored greater than 62 on PROMIS Anxiety surpassing the threshold to be considered to have Anxiety possibly warranting treatment.
PROMIS Anxiety scores moderately correlated with Physical Function and Pain Interference scores (Table 2 ; Fig. 2a, b) . PROMIS Anxiety scores strongly correlated with PROMIS Depression scores. The correlations of PROMIS Anxiety with Physical Function and Pain Interference were significantly greater than the correlations of those PROMIS domains with Depression scores (p < 0.001).
Analyzing factors that potentially may influence PROMIS scores, there was no clinically relevant association between sex (2 point score difference), race (1-4 point score differences), and age (r = 0.09) with PROMIS Anxiety scores. Patients presenting with spine conditions reported higher median Anxiety scores, exceeding the proposed relevant difference of 5 points when compared to patients evaluated by the sports or upper extremity services (Table 3) . Patients with spine conditions were most likely to exceed the Anxiety threshold score, while patients presenting to the foot and ankle, sports, or upper extremity divisions were least likely to exceed the Anxiety threshold score (Fig. 3) . A similar pattern was observed in the spine division patients reporting floor Anxiety values least frequently (p < 0.001). form Anxiety assessments [5] and by 24% of Depression PROMIS CAT scores [5, 18] . Within our orthopedic population, the incidence of patients scoring the floor value on the Depression CAT, 22.4%, was consistent with rates previously reported, while the 5.5% of patients scoring the floor value on the Anxiety CAT was much lower. Thus, among our population seeking orthopedic care, we found a smaller percentage of patients reaching a floor score on PROMIS Anxiety CAT than in Driban et al.'s osteoarthritis population taking the Anxiety short form [5] . This discrepancy persists even when considering only the subset of our patients evaluated for hip or knee total joint arthroplasty (3.5% floor values). This may indicate that the PROMIS Anxiety CAT is more effective than the fixed short form in avoiding floor scores. It is unclear why fewer patients reported floor Anxiety scores than floor Depression scores. However, it is clear that orthopedic patients more frequently report measureable anxiety symptoms than depressive symptoms using PROMIS. This may impact surgeons in two ways. First, recognizing the relatively high prevalence of anxiety in patients seeing orthopedic surgeons is needed as anxiety is a modifiable disorder that, if treated, can directly impact surgical outcomes in a positive manner. To that end, heightened anxiety is associated with worse patient-reported function, greater pain, and less treatment satisfaction with musculoskeletal conditions [3, [19] [20] [21] [22] [23] [24] [25] [26] [27] . Second, although Anxiety and Depression may each be important to understand, if surgeons were only able to collect a single PROMIS assessment of mental health, the reduced floor effect may support the prioritization of PROMIS Anxiety over Depression.
Nearly one in five patients produced PROMIS Anxiety scores exceeding the proposed threshold set to indicate a level of anxiety that may warrant specific investigation and treatment. This rate is similar to those previously reported for the prevalence of moderate anxiety using other screening measures (18-23%) [3, 28, 29] . The similarity in prevalence using this PROMIS threshold versus alternative anxiety screening questionnaires suggests that our chosen threshold of 62 for PROMIS Anxiety is reasonable and further supports published linkage tables between PROMIS Anxiety and the GAD-7. Going forward, these data suggest that the PROMIS Anxiety CAT may reasonably replace existing static Anxiety screening measures. Notably, anxiety screening tests are typically used to detect patients that may warrant intervention, with dichotomized (affected, unaffected) or categorized (severe, moderate, mild) scores. This helps guide treatment but does not necessarily translate to each patient. The level of individual anxiety that can interfere with progress following an orthopedic surgery is variable. Some patients may not exceed anxiety thresholds and still benefit from intervention to reduce their anxiety, while others potentially indicated for mental health treatment may truly be affected only by a transient stressor.
Our data demonstrate a stronger correlation between PROMIS Anxiety and Physical Function and Anxiety and Pain Interference scores than between Depression and Physical Function and Pain Interference scores in patients presenting with musculoskeletal conditions to orthopedic surgeons. This finding is not one consistently demonstrated in similar studies. Among patients with neurofibromatosis, there were similarly weak correlations between both PROMIS Anxiety and Depression with Physical Function [30] . Hermanussen et al. found a weak correlation between PROMIS Depression and PROMIS Physical Function-Upper Extremity scores in a population with upper extremity conditions but Anxiety scores were not included [31] . We interpret our data as prioritizing intervention for heightened anxiety over heightened depression among orthopedic patients. Although orthopedic surgeons are unlikely to directly provide anxiety counseling, surgeons can likely reduce anxiety by carefully selecting their language used during encounters to demonstrate empathy and can assist patients needing to access mental health resources [32, 33] .
Patients presenting to upper extremity and sports orthopedic surgeons on average reported less anxiety than patients presenting to other orthopedic surgical subspecialties. These patients also reported better function, less pain interference, and less depression. This suggests that these patients tend to have less debilitating injuries and thus report less anxiety. While these groups may be demographically different from groups presenting to other orthopedic services, there were no significant differences in any PROMIS scores attributable to patient sex or races, and scores were not correlated with age. Thus, these group demographic differences are unlikely to be the source of score differences. Other variables that might explain differences between these surgical populations not Fig. 3 Proportion of patients scoring above the PROMIS Anxiety threshold according to orthopedic surgical specialty evaluated with this study include differences between acute and chronic disorders, if the potential surgical procedure they might receive is elective, ability to maintain function in the home and work place, number and impact of co-existing medical disorders, and how much the disorder impacts sleep. Likely, there is some interplay between these factors. Meanwhile, patients seeking care from our spine surgeons had, on average, the highest Anxiety scores. Spine patients often experience pain that is both musculoskeletal and neurogenic that can impact mobility, work, home responsibilities, and sleep, all which may contribute to anxiety and their overall ability to cope [34] [35] [36] . In the setting of limited resources, the differences in these patient populations would suggest focusing on anxiety screening efforts among patients with spinal conditions. Our study has several limitations. Specific diagnoses were not assessed in this dataset which prevents us from analysis more specific than the orthopedic division providing treatment. However, the large number of patients presenting to a broad range of orthopedic specialties suggests that these results can likely generalize to other populations seeking orthopedic surgical care. As this was a cross-sectional evaluation, this study established the baseline performance of PROMIS Anxiety in the orthopedic setting but cannot yet determine the relative impact of PROMIS Anxiety versus Depression scores on the ultimate treatment outcomes.
Conclusion
Assessing mental, social, and physical health are priorities as addressing each of these inter-related health domains may offer the most appropriate strategies to improve the overall health status of our country [37] . Given the substantial governmental investment, its computer adaptive testing, and assessments that capture each of these health domains, PROMIS is positioned to become a consensus patientreported outcome. The relationship of PROMIS mental health scores and Physical Function scores in our study appears consistent both in direction and magnitude when compared to previous studies using legacy health measures thus adding data toward the validity of PROMIS Anxiety when administered as part of routine orthopedic practice [5, 19, 20, 23, 24, 29, 30] . Our data have uniquely assessed the clinical use of the PROMIS CATs and distinguished that Anxiety scores demonstrate stronger correlations with patient-reported Physical Function and Pain Interference than Depression scores do. The relationships between Anxiety and patient-reported Pain Interference and Physical Function provide an opportunity for surgeons to recommend evaluation for Anxiety that, if modified, might directly impact the patient's perceived musculoskeletal function [19, [21] [22] [23] [24] [25] [26] 38] . During routine care, the PROMIS Anxiety has reduced floor effects when compared to PROMIS Depression. As PROMIS is increasingly used throughout orthopedic surgery and other fields of medicine, the Anxiety CAT should be considered as a potentially valuable mental health measure for patients with musculoskeletal conditions. Our department continues to collect both PROMIS Anxiety and Depression as we continue to investigate their utility in practice. Future studies exploring the changes in anxiety and depression over time that correlated with the patient's treatment course will provide healthcare practitioners greater insight in how to effectively offer treatment that impacts the patient's biopsychosocial and physical health.
